Traditional continuous hydrological models have a large number of free parameters whose values need to be determined through calibration, and thus their applicability is limited to gauged basins. For prediction in ungauged catchments, hydrologists generally follow regionalization methods to develop region-specific calibration-free continuous models. An alternative attempt was made recently to develop a calibration-free model by proposing an empirically derived universal 'decay function' that enables definition of instantaneous dryness index as a function of antecedent rainfall and solar energy.
INTRODUCTION
Flow of water on the Earth's surface varies significantly in both space and time. Water resources management is a challenging task, particularly because most parts of the world are ungauged, i.e., they lack discharge data (Blöschl ; Oldekop ; Budyko ) who proposed the concept of dryness index, the ratio of mean potential evapotranspiration to mean rainfall (ϕ). Among all the dryness index-based models, the Budyko model is the most popular for its performance (e.g., Arora ). It can be used to predict mean discharge (〈Q〉) from mean rainfall (〈R〉) for any real world catchment as: 〈Q〉 ¼ 〈R〉 Á f(ϕ), where f(ϕ) is the Budyko function:
Unlike a regionalization approach-based calibration-free continuous model, the Budyko model is a 'universal' calibration-free model but cannot be used for continuous hydrological simulation (Table 1) . We thus need a universal calibration-free model that can be used for continuous hydrological modelling. Such a model will help us not only to predict discharge in ungauged catchments for which no regionalization-based model is available but also to understand hydrological processes in more detail (e.g., Perrin et al. ; Andréassian et al. ) .
A new framework (Biswal ) was recently proposed to construct a calibration-free continuous hydrological model by proposing the concept of instantaneous dryness index, i.e., dryness index as a function of time. In particular, Biswal () defined instantaneous dryness index as a function of antecedent rainfall and solar energy inputs with the help of a 'decay function'. The decay function was empirically derived considering data from 15 US catchments belonging to the MOPEX dataset (Duan et al. ) by imposing the following two criteria: (i) the total modelled discharge from all the catchments equals the total observed discharge (mass balance) and (ii) the modelled recession flow power law exponent equals the observed exponent. In other words, unlike the case of traditional models, the instantaneous dryness index-based zero-parameter model was obtained without using detailed information on spatio-temporal variation of discharge. The model was then tested in 63
MOPEX catchments (including those 15 catchments) situated across a wide variety of climatic and geologic regions and its performance was found to be comparable to that
shown by complex regionalization-based calibration-free models in terms of Nash-Sutcliffe efficiency (Biswal ) .
Given that the calibration-free instantaneous dryness index-based model performs reasonably well across geographical and climatic gradients in the USA, one may wonder here if the instantaneous dryness index-based model is also applicable in other parts of the world, i.e., if the model is universally applicable (Table 1) . Although to answer such a question we need to test the model in basins from each part of the world, the aim of this study is to test the model in a large number of Indian catchments, situated far from the region where the model was developed.
THE STRUCTURE OF THE INSTANTANEOUS DRYNESS INDEX-BASED MODEL
The instantaneous dryness index-based zero-parameter continuous model has a two-stage hydrologic partitioning scheme. At any instant of time, the input rainfall (R) needs to satisfy first an evapotranspiration (ET ) demand equal to the potential evapotranspiration (PET ) or available energy.
Thus, no discharge is produced in the first stage. The remaining rain water (W) then enters into the second stage:
Note that energy transforms liquid water into water vapour or ET, which means energy entering into the 
where f(φ) is the Budyko function with φ:
Finally, it is assumed that the same decay function also explains production of discharge (Q) from effective rainfall:
The decay function was empirically obtained by imposing the mass balance condition and performing recession flow analysis (Biswal ) , and its form is given as:
, where x(t) is the quantity available at time t from an original quantity of x(0) and t is in days.
Furthermore, the value of N is considered to be 365 days (Biswal ) . The model can be applied at daily time-step by properly discretizing the equations above (Biswal ) .
STUDY REGION AND MODEL EVALUATION
About the study region Additionally, for the purpose of model evaluation, we obtained available daily discharge data from Central Water Commission (CWC), India. Note that catchments with four or more years of near continuous streamflow data (with not more than two consecutive missing data points) only were used for this study. Furthermore, for many of the basins we discarded parts of discharge data which showed only zero values continuously for more than a year.
We used minimum, maximum and average temperature gridded datasets to obtain gridded PET gridded data using Hargreaves' method (Hargreaves & Samani ) . For finding daily average observed R and PET time series for a catchment, we used its boundary shape- of the 147 catchments were finally selected for evaluating the (see Table S1 of the Supplementary material) instantaneous dryness index-based calibration-free model. The remaining catchments are discarded for the following reasons. We exclude ten catchments from our analyses as they show runoff ratio greater than one ( 
q , where Q o is the observed discharge, Q m is the modelled discharge and n is the number of observations. R 2 ranges between 0 (no relationship) and 1 (perfect fit). R 2 is insensitive to systematic error, and hence it is generally considered along with other metrics for model evaluation, most commonly NSE, defined as:
The value of NSE can range between À∞ (no agreement) and 1 (perfect agreement). NSE may not incorporate water balance error accurately, which is why it is recommended to compute KGE
It is computed as: 
RESULTS AND DISCUSSION
Model performance in the 108 study catchments In particular, runoff ratio for ten catchments is greater than one (Table S2, Table S1 ). Nevertheless, the results here are quite remark- give similar performances in terms of lumped metrics like NSE, the linear model produces unrealistic dQ=dt-Q relationship. We therefore performed dQ=dt-Q analysis in this study and found that the instantaneous dryness-index model is able to reproduce similar power law relationship between dQ=dt and Q. Figure 4 shows (dQ=dt, Q) data points occupying almost the same region in the log-log space. Other catchments too showed similar behaviour.
However, this should not come as a surprise here as the decay function used to route flow by the model (Equation This is, of course, carried out by adding free parameters which this study intends to avoid. Future research therefore needs a focus on developing calibration-free routing models that can separately consider quick flow and slow flow.
Is the instantaneous dryness index-based model universally applicable?
Finally, we wonder if the instantaneous dryness index-based model is a universal calibration-free model. Although Figure 4 | dQ=dt vs. Q plots for modelled discharge (small black dots) as well as observed discharge (large grey dots) as suggested by Biswal & Singh (2017) . The data points belong to recession periods with minimum length of 5 days. The modelled dots and the observed dots occupy almost the same region in the log-log space, an indication that model captures well the dynamic relationship between dQ=dt and Q. 
CONCLUDING REMARKS
Continuous hydrological models are typically designed for prediction in gauged catchments as they retain multiple free parameters whose values need to be determined through calibration using historical discharge data. For prediction in ungauged catchments, we thus need a calibration-free model. 
